ABSTRACT Assessment of students in computer programming is a challenge for instructors, especially at the introductory programming level, where the number of student enrollment is typically high. Therefore, this study presents a novel approach to assessing students' competency in programming using Bloom's taxonomy. The novelty of the presented approach is based on some rules that quantify the attained competencies with respect to the cognitive levels of Bloom's taxonomy. Unlike previous studies, in which cognitive levels were used as a scale for making the questions while the competency assessment was manually performed, in this study, the rule-based assessment method uses the automatic decision-making process to map the students' competency level directly to the corresponding cognitive levels from the written code without the prior mapping of questions to the cognitive levels. For this reason, the study focuses on the basic topics of the structured Java programming language (i.e. selection, repetition, and modular). The rule-based assessment method has been applied to students' programming code in the introductory level Java course. Data collection has been carried out through conducting an empirical test in which the valid responses of 213 students were collected, which was processed through the rule-based method for competency assessment. Moreover, the quantitative results achieved from the rule-based assessment method were validated by comparing them with the results achieved from the manual assessment. Furthermore, for comparative analysis, several statistical methods were used to identify the difference between the results of the two assessment methods. The outcomes of the comparative analysis have shown the reliability of the proposed rule-based assessment method. 
I. INTRODUCTION
Computer programming is one of the more challenging tasks for computer science students, especially novice students in introductory programming courses [1] - [3] . Therefore, the number of students' failure in this course are typically higher [4] , [5] , or they produce unsatisfactory results every semester. In the literature, there are several reasons for students' difficulties in learning computer programming such as study methods, students aptitudes and attitudes, and psychological aspects [6] , first experience of programming [1] , [7] ,
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practicing new syntax and semantics [8] - [10] , a complex integrated development environment, and large size classrooms [11] . However, it is unrealistic to expect a novice student to become a good programmer at the initial stage of his/her study because programming puts a heavy cognitive load on students [12] , [13] . At the same time, students' competencies can be increased gradually by practicing more practical assignments as well as getting more feedback from the instructor.
Due to large classrooms, it is difficult for instructors to focus on the individual students [14] , [15] . On the other hand, [16] , stressed that assessment is a mandatory task for every educational institute because it determines student competency and knowledge. However, according to [17] , manual assessment of programming assignments is timeconsuming, especially in large classrooms, and therefore needs extra human assessors to deal with increase in assessment workload. To address the issue of manual assessment of practical programming assignments, numerous automatic assessment tools have been developed by various researchers and academician [14] . These tools have been categorized into three analysis approaches: dynamic, static, and hybrid [8] , [14] . In our previous research [14] , we investigated and provided a comprehensive review of the strengths and limitations of the existing automatic assessment tools.
In this research, we have proposed a novel approach of a rule-based assessment method based on benchmark criteria that quantify students' competency level in programming and map it to the corresponding cognitive level of Bloom's taxonomy. Although there are several studies available [18] - [22] that have used Bloom's taxonomy for programming assessment, most of them used the taxonomy as a scale for making the assessment questions under each cognitive level and, more importantly, the assessment was performed manually. Moreover, there is no assessment method found that can assess the competency level automatically from the written code and map it to the corresponding cognitive level. To the contrary, the rule-based assessment method proposed in this research quantifies the students' competency level in programming and maps it to the corresponding cognitive level directly from the written code based on the requirements of meeting the criteria for that specific cognitive level. Furthermore, unlike the other studies, this approach needs no prior mapping of questions under the cognitive levels, but the cognitive levels will instead be predicted directly from the students' written code. This novel approach makes this research distinct from other studies. Moreover, the study has focused on the fundamental topics of programming: selection, repetition, and modular, which are not yet addressed in previous studies in the same domain of research. Furthermore, the case study selected for conducting this research was one of the leading higher education universities in Saudi Arabia. A total of 213 students' data has been collected and assessed through this rule-based assessment method. Similarly, the students programs were also manually assessed by the human instructors and compared the results. For comparative purposes, several statistical methods were used to identify the difference between the two assessment methods, as well as to determine the accuracy of the proposed assessment method.
The rest of the paper is organized as follow: section II discusses the competency assessment using Bloom's taxonomy, section III discusses methods used, results and results validation are described in section IV and V respectively. Section VI contains detailed discussion; section VII is the conclusion.
A. PURPOSE AND RESEARCH QUESTIONS
This study aims to present a novel rule-based approach to assess learning objectives, to quantify the students' competency in programming using Bloom's taxonomy, to enable automatic assessment for programing codes, and to answer the following research questions:
• How can Bloom's taxonomy be used to assess student competency levels?
• What is the assessment quality of the proposed assessment method?
II. BLOOM'S TAXONOMY AND COMPETENCY ASSESSMENT
Bloom and his colleagues [23] developed a taxonomy of educational objectives originally consisting of three domain: cognitive, effective, and psychomotor. Moreover, they determined the cognitive domain concerns of developing students' mental skills, the affective domain concerns of student attitudes, and psychomotor domain concerns of physical skills [23] , [24] . Each domain has a taxonomy associated with it, in which all domains together form the goals of the learning process. In this study, we will address the student's cognitive skills. In the cognitive domain, Bloom [23] developed the most widely used and cited taxonomy in education, which consists of a multi-tiered model known as Bloom's taxonomy [24] . The taxonomy provides a progressive platform of six cognitive levels of complexity, starting from lower (i.e., simple) to higher (i.e., complex) levels, which are: Knowledge, Comprehension, Application, Analysis, Synthesis, and Evaluation [23] , [24] . The first three levels refer to lower complexity, while the later three levels are the high levels [24] . As stated by [25] , mastery of each previous level is required to move on to the next level. Furthermore, a student performing well in the higher levels means that his/her performance in the lower levels must have been successful [26] .
Bloom's taxonomy was considered a guide for assessing the learning objectives of a particular field, but after more close investigation, it has also provided a framework for the assessment of programmer knowledge [20] . Therefore, this taxonomy has been used in the computer science field [18] [27] for course design and assessment [19] and structuring assignments [26] .
Several studies have used the cognitive levels of Bloom's taxonomy as a tool for the assessment of the students' competency in programming [16] , [18] - [20] , [22] , [28] , [29] . However, in most previous research, Bloom's taxonomy was used as a scale while the assessment process was manually performed. There was no study found that can automatically assess the students' competency directly from the student written code and map it to the corresponding cognitive level of Bloom's taxonomy. Furthermore, in these previous studies, the questions were prepared in advance for each cognitive level, while some of them such as [26] , [30] , [31] , have suggested using MCQs as assessment questions for introductory courses. In this regard, the study of [32] classified MCQs according to the cognitive level of Bloom's taxonomy for assessing the students competency in programming in a final exam. According to [32] , they have used the scale for making questions as described by [33] , i.e., easy, medium, and difficult. Furthermore, the authors have used the lower cognitive levels for assessment. Similarly, the study of [34] used Bloom's taxonomy as a scale for classifying the nine MCQs according to the revised Bloom's taxonomy. The study of [34] used three cognitive levels which are understand, apply, and analyze. Subsequently, the study of [29] proposed a rule-based approach for classifying assessment questions according to Bloom's taxonomy.
In summary, the previous studies have used Bloom's taxonomy as a tool for creating assessment questions, based on which students' competency levels was assessed. The approach used in this study is distinct in that the competency level will be assessed directly from the written programming code without prior mapping of the questions to cognitive levels.
III. METHODOLOGY
The current study focuses on cognitive competency assessment in programming using Bloom's taxonomy. To conduct this research, the study has proposed a novel assessment method for competency assessment based on standard criteria defined for each cognitive level in Bloom's taxonomy. The proposed assessment method has been applied to the students in a computer science department at one of the leading universities in Saudi Arabia. The step-by-step methodology of this study is discussed in the following section.
A. DATA COLLECTION AND SAMPLE
Since the competency assessment is based on the practical programming code, the data collection was based on the empirical test conducted with students in an introductory Java programming course. First, the assessment questions were formulated based on the opinions of three programming experts who had strong knowledge of the application of Bloom's taxonomy, in addition to their expertise in programming. The experts included a professor, an assistant professor, and a lecturer. The demographic data about the experts is shown in Table 1 . The questions' formulation was completed in several sessions, liaising with experts. A total of three questions were finalized for assessment. The questions include: one simple, one medium, and one difficult in order to maintain justice among weak, medium and high competent students, which also support [32] and [33] . Moreover, the question formulation support previous studies in [6] , [18] - [20] , [29] , [32] , [34] , [35] .
Furthermore, per the suggestions described by [36] and [37] , the translation of questions is sometimes mandatory, especially when English is not the first language in the region where data collection is being carried out. Thus, the assessment questions were translated into Arabic, since the study was conducted in Saudi Arabia. The translation was performed through one of the native Arabic speakers. In order to ensure the correctness of the translation, researchers retranslated the questions into English, and some minor corrections were performed to equalize both translations.
In the next step, an empirical test was conducted for the selected case study in which the valid responses of 213 students were received in the form of written codes. The exam was conducted at the end of Fall 2018 by a committee supervised by two of the experts, while one of the researchers was also present for support. The time allowed for the test was two hours and thirty minutes. Later on, 15 minutes of extra time was given, based on students' requests. The extra time given was supported by [32] . After completing the test, students were instructed to upload their answer files to Blackboard which were later on downloaded for competency assessment purposes.
B. PRE-PROCESSING
The students' programming files were downloaded from Blackboard, and the necessary steps were taken to prepare the files for assessment. First, the Java files were converted into text files because the proposed rule-based assessment method accepts the file as (.txt) format. The conversion of program files into text file was performed manually. The rule-based assessment method reads the code line by line; therefore, the code indentation was also performed through the NetBeans built function. Similarly, the comments if any provided by students in the code were cleaned to avoid interrupting the assessment process. The removal of the comments from the programs was done through our in-house built-in program, which cleans the code from comments automatically. Some other minor steps that did not affect the code but were helpful for processing through the proposed method were also performed.
C. CRITERIA-BASED BLOOM'S TAXONOMY LEVELS
This research aims to assess students' competency level in the basic topics of a programming course at the introductory level. Therefore, it is important to mention that each topic further consists of different structures, for example selection structures can be if(), if-else, or switch() in the program. The student's selection of these structures is solely at their discretion, for solving a problem shows the cognitive competency of a student. To track all these structures of the three main topics automatically, standard criteria needed to be met to produce the corresponding outcomes. Therefore, this study extracted numerous assessment criteria from the VOLUME 7, 2019 literature, which are mainly based on the proposed work of [28] . Although the number of extracted criteria was much higher, a thorough review and investigations yielded only those criteria that were required for this study. Moreover, the selected criteria were further analyzed by experts who refined and finalized the criteria for each cognitive level. The refined assessment criteria for each cognitive level of Bloom's taxonomy are discussed in the following sections.
1) KNOWLEDGE
The first and lowest level of Bloom's taxonomy is Knowledge. At this level, students are required to prove that they remember either by recalling or remembering some concepts experienced in the education process [23] .
In a programming context, at this level students recall the information from memory that are needed for writing a code and understanding the syntax of a structure used in the program [28] . For example, students at this level should be asked to name three structures of repetition or three methods used for I/O purposes [19] , or to define a method in Java [29] . In short, students at this level are expected to recall from memory what they have learnt in the classroom [28] . Based on these statements, the following criteria were defined for each structure at each knowledge level. Selection 1. Define the syntax of an if-statement using Java code (for example, ''if(){}'') 2. Define the syntax of an if-else statement using Java code (for example, ''if(){} else{}'') 3. Define the syntax of a switch statement using Java code (for example, ''switch(){}'') Repetition 4. Define the syntax of the for-loop using Java code (for example, ''for(;;){}'') 5. Define the syntax of the while-loop using Java code (for example, ''while(){}'') 6. Define the syntax of the do-while-loop using Java code (for example, ''do{} while();'') Modular 7. Define a method using Java code (for example, modifiers return-type modular-name (){}) [38] . 8. Define a method using Java code (for example, modifiers return-type modular-name (parameter list){}) [38] . A student who provides the correct syntax of the structure used in the program meets the knowledge level. At this level students are not require to provide details; however, the definition of each structure used in the program in the form of Java code must be provided.
2) COMPREHENSION
The second cognitive level in Bloom's hierarchy is comprehension, which is related to the interpretation of information [28] , [32] . Moreover, [23] explained that students are required to interpret the concept of a problem in such a manner that precisely elucidates its use when explicitly asked to perform. In a programming context, this level is defined by [39] , the conversion of instructions from plain English or pseudocode into a single Java statement, for example, writing a code that declares a variable and holds an integer value. The ability of a student to interpret the given algorithm [29] . Furthermore, students at the comprehension level are able to understand that how each structure related to the topic works and its conduct [28] . Moreover, as stated by [40] , students at this level should be able to explain the structure of a method in a code.
Based on the previous literature, this research has defined the following assessment criteria for the comprehension level: '') . As this level pertains to explanation of the material, students are thus required to explain each structure used in the program in the form of Java code. For example, the students must understand the purpose of each structure used in the program.
3) APPLICATION Application is the third cognitive level, which is related to applying and executing the learned information [28] . Students at this level use previous knowledge and experience of the same situation for solving a problem [21] or applying past knowledge to a new situation [19] . In the programming context, this level is defined by researchers as, ''the process and algorithm or design pattern that is known to students and applied to an unknown problem'' [16] , [18] . The criteria defined by [29] for the application level to update the given situation of a for-loop with a while-loop. Furthermore, as explained by [28] , it measures student ability to use the appropriate structure of the topic required to execute the formula for a given problem-solving situation.
Based on the literature, this research finalized the following assessment criteria at the application level: . The application level is the most critical level of Bloom's taxonomy because students are required to apply knowledge and execute the program to produce the correct output. For accurate output, they must provide the required condition (in case of control structures) or return type (in case of modular). As discussed by [28] , novice students in programming seldom pass this level because it is related to the use of information to produce the required output.
Moreover, it is difficult to differentiate between the criteria defined for the comprehension and application levels. However, as discussed by [23] and supported by [22] , the comprehension level is related to thinking based on what is precisely given, whereas the application level is related to bringing concepts from other previous experiences. This evidence made it clear for the above criteria defined for the application level.
4) ANALYSIS
The fourth cognitive level in Bloom's hierarchy is the analysis level, which is defined by [23] , breaking down of information into its constituent parts and finding the relationships among them in an organized way. In programming, the previous statement is also supported in other studies [16] , [19] , [29] , [39] . According to [18] and supported by [29] , the breakdown of the program into parts and organizing those parts should be done in such a way that consistently achieves the objectives of the program. Similarly, [28] have defined the criteria at the analysis level, stating that students can solve problems by using the nested structures of the respective topics.
Based on the literature as discussed above, the following assessment criteria have been defined for assessing the students' competency at the analysis level. Selection 25. The problem is analyzed using nested structure, for example, a nested if() statement is used [28] [28] to use the nested structures of the corresponding topics for solving a problem. In this regard, the control structures can be used as nested, while the modular structures can be used by breaking the code into multiple methods and call from the main method to meet the definition of this level as defined by [23] .
5) SYNTHESIS
Synthesis is the fifth cognitive level of Bloom's taxonomy and is related to either writing a completely new program or enhancing an existing one by making changes. According to the literature, students at this level are required VOLUME 7, 2019 to create something new based on previously learned information [19] , [21] , [23] , [29] , [39] . Moreover, [28] stated that students at this level extract ideas from a variety of sources and synthesize the information before reaching a conclusion. Furthermore, [19] argued that students create a new program based on previously mastered ideas of selection, repetition, and modular.
It was also difficult to differentiate the criteria for the synthesis and application levels because they are closely related to each other. However, the statement of [18] offered a clear way to differentiate between the two levels. According to them, in application the students have experienced similar or nearly similar situations but applied on different data, whereas in synthesis, the students haven't experienced the same situation or algorithm, but they might have seen background information rather than the complete whole [18] . Moreover, [28] explained that at the synthesis level, students can decide which structure of the topic is appropriate for solving a problem.
Based on the above evidence, the following criteria have been defined for the assessment 0f students' competency level in programming at the synthesis level: to synthesize and use the appropriate structure of each topic in the program. For example, in control structures, there is always one structure that produces the required output while the alternate structures are not appropriate since they might complicate the program. Therefore, the appropriate selection of the structures used is a sign of the cognitive ability of students at the synthesis level.
6) EVALUATION
Evaluation is the final and highest level of Bloom's hierarchy, defined by [23] as ''making a judgement about the idea, method, or material based on the criteria at which the particular are correct, effective, or satisfied''. In a programming context, this involves the ability of a student to evaluate the algorithm by making a judgment regarding the validity of an idea [19] , [28] . Similarly, [18] argued for creating a program either from a new idea or from an existing idea that is new to a student. Further explained by [39] , a student who designs a good program is assumed to be a good evaluator. Moreover, a student program that meets the standards of coding is assumed to be at the evaluation level [18] , [29] . Furthermore, [28] concluded that a student who can defend the idea of using the switch() statement instead of other selection structures is at the evaluation level.
Based on the literature, this research finalized the following criteria for assessing students' competency in programming at the evaluation level: Selection 35. Use switch() statement instead of if-else statement (for example, a situation where switch statement is more effective) Repetition 36. Use the most effective repetition structure, for example, judge the scenario and choose the most effective structure that produces attractive outcomes without complicating the code. (For example, use a do-while loop if the statement is to be executed at least once). Modular 37. Use void method()instead of a method that returns value (in cases where the question is required to display output with the same method), else otherwise. Evaluation is the most complex level in Bloom's hierarchy because it is related to the judgment of a problem and the selection of the most effective structure to be used for problem-solving. It is obvious that one problem can be solved with different techniques, but there is always one technique that is more effective than others. Therefore, students at this level are required to judge the problem and select a structure related to the topic used that is more effective for problemsolving. For example, in selection structures, in some situations the use of a switch() statement is more effective than if() and if-else statements because the decision-making process is more robust for switch() statements. Similarly, in repetition structures, the use of a do..while() structure is sometimes more effective, especially when executing a statement or group of statements at least once. Similarly, in modular structures, the selection of an effective returntype method plays a vital role in making the program more effective and interesting. Furthermore, the above 37 criteria defined for each cognitive level have been tested on the students' written code and quantified for the highest competency level a student achieves. The whole framework of the research design, including the criteria, is shown in Figure 1 . 
D. CRITERIA VALIDATION
In the first stage, researchers have extracted many criteria from the literature. The list of the extracted criteria has been discussed with experts, who suggested and finalized the 37 criteria discussed in the earlier sections, while unnecessary criteria have been discarded from the list. This was one advantage of this research in that the experts chosen to make the assessment questions and refine the criteria were active researchers and had a strong background in Bloom's taxonomy applications.
E. RULE-BASED ASSESSMENT METHOD
As discussed earlier, the proposed rule-based assessment method is purely based on standard criteria extracted from the literature that have been further refined and finalized by experts in the field. The selection of experts was based on their expertise in programming and, more importantly, their expertise in the application of Bloom's taxonomy as a tool for assessment. Therefore, this study has taken advantage of these experts and set the assessment criteria for each cognitive level in the algorithm of the rule-based assessment method. The criteria guided rule-based assessment method takes the students' programming files as input, while the competency assessment results after processing displays as output. For the competency assessment, a variety of formulas have been used in the algorithm to compute some measures in the form of software metrics for each input file. Some important metrics include total number of selection structures used, total number of repetition structures used, total number of modular structures used, the errors in these structure, and so many others, as shown in Figure 2 . These metrics have played a vital role because they were used in a variety of equations that quantify the students' competency level with respect to their corresponding cognitive levels.
The procedure of competency assessment is simple in that the student programming file is input for the rule-based method, which tracks the entire code and searches for the topics used in the program. If any structure(s) of the basic topics are found in the code, they are evaluated against the assessment criteria, and the corresponding results are displayed as an output file. A student whose code satisfies the assessment criteria for the maximum cognitive levels has passed all the previous cognitive levels. A student who failed the first cognitive level will not be able to pass the next level because each preceding level is a prerequisite for the subsequent level. More interestingly, the use of a rule-based assessment method helps students in learning to programming in that for example, if a student fails a specific level, the instructor focuses on the criteria for that specific level instead of revising the whole code. This will definitely save time and effort for the instructor, especially in large classes.
Moreover, each topic has different types of structure, and in one program a student can use either different structures for the same topics or one structure multiple times, or even both. In this case more than one structure of the same topic are used; therefore, in the rule-based method the structures of each topic achieved have been calculated in percentages using equation 1.
where Struct calculates the percentage of specific structure for specific topic; TStructs is total number of structures used for specific topic; EStructs is number of errors occurring in each structure for a specific topic. Furthermore, a sample output generated by the proposed rule-based assessment method is shown in Figure 2 .
IV. RESULTS
The assessment results achieved with the rule-based method are discussed in this section. The results have been analyzed using SPSS version 24. Moreover, the descriptive statistics of the achieved results are exhibited in Table 2 . According to the results achieved from rule-based assessment method in Table 2 , the mean values for all three topics in the first two cognitive levels are close to the maximum value, indicating that the students' competency levels are high. However, the graph has been dropped down at the application for which almost half of the total sample failed to achieve this level. The mean values for all three topics at the application level fall almost in the middle between minimum and maximum values, indicating that only half of the sample achieved the level. As the cognitive level progresses, the students' competency level is consistently regressing. At the analysis level, the students' competency level dropped further, and less than a quarter of the total sample achieved this level. Similarly, at the higher levels of synthesis and evaluation, competency in all three topics dropped to close to the minimum value, indicating that only a few students achieved the higher levels. Figure 3 shows the percentage of students achieving the corresponding cognitive levels in basic topics.
Furthermore, the students' cognitive competencies at the lower level were higher because the criteria for assessment were simpler. However, as the level increased, the competency level decreased because the assessment criteria were more complex. However, the results shown in Table 2 are not surprising because introductory-level students typically produce the same results. According to [28] , the introductorylevel students hardly reach the third level of Bloom's taxonomy. Similarly, [19] stated that a very small percentage of students can solve problems at the higher cognitive levels. Some other studies in the literature have suggested that introductory-level students should be assessed with respect to the lower levels of Bloom's taxonomy because the introductory course cannot produce accomplished programmers [30] , which is supported by [22] . It is obvious that students' performances at higher levels are disappointing. However, the aim of this study is to provide an automatic assessment method that can assess the students' competencies in programming at all six cognitive levels of Bloom's taxonomy. The research also aims to facilitate students in learning to computer programming. In this regard, the students' weaknesses with respect to a particular topic should be focused exactly where they are weak instead of revising the entire code. For that reason, if a particular cognitive level was not achieved, instructors should focus on the certain criteria for that specific level, rather than reviewing the whole code. This will ultimately save the time and effort of the instructor for other important activities.
Furthermore, the results achieved with the rule-based assessment method were also validated by comparison with the results achieved by manual assessment. The comparative analysis between the two assessment methods is discussed in the following section.
V. RESULTS VALIDATION
The results achieved with the rule-based assessment method have been validated by comparing them with those from the manual assessment method. For comparing the results, the experts were again requested to assess student competencies manually. For that reason, a total of sixty students programming files were randomly selected that were distributed among the three experts. Similarly, the same sample of students programs was again assessed through the rulebased assessment method in order to reveal the difference between the two assessment methods based on the same sample size. The results achieved with both the manual assessment method and rule-based assessment method were compared. The results of both assessment methods were further analyzed using various statistical methods. SPSS was used as a tool for the statistical analysis. Moreover, the methods used for comparative analysis were based on the method used in [17] .
First of all, the results of the two assessment methods were analyzed using a paired sample T-test, and the effect size (d) was estimated for each structure in all topics. The effect size, which is commonly known as Cohen's d, is defined as the difference between the means of the two groups divided by the standard deviation [43] . Moreover, Cohen (1988) suggested three values of d, 0.2, 0.5, and 0.8 for small, medium, and large effect size, respectively. The effect size (d) shows the actual difference between the two assessment methods, as shown in Table 3 .
As can be seen in Table 3 , the effect size (d = 0, p = 1) is far less than the small effect size of 0.2, which is statistically non-significant with a p-value far larger than 0.05, showing that there is no statistical difference between the results achieved with the rule-based assessment method and manual assessment method in the first two cognitive levels of Bloom's taxonomy.
However, there were some difference in the results at the application, analysis, synthesis, and evaluation levels. A closer look at the values of (d) shows that most topics in the respective cognitive levels are less than 0.2, showing little difference. However, some values of (d) are a bit larger than 0.2, but not very large, so the difference is still in the small range. However, the overall effect size is statistically non-significant. The little difference between the results achieved with rule-based assessment and manual assessment shows the reliability of the proposed assessment method for the competency assessment in computer programming. The overall percentage difference between the two assessment methods is shown in Figure 4 .
VI. DISCUSSION
The main purpose of this research is to assess students' competency level in computer programming in an introductorylevel course. Bloom's taxonomy was used as a scale for measuring competency. The research focused on the basic topics of programming for which the students' competency level was assessed. To conduct this research, a rule-based assessment method was developed that was purely based on the assessment criteria defined for each cognitive level. The criteria were taken from the literature and refined and finalized according to the opinions of the programming experts. The proposed rule-based assessment has been guided through these refined criteria that quantified the students' competency levels to the corresponding cognitive levels in Bloom's taxonomy.
The results of the rule-based assessment method were analyzed to show the success of the proposed assessment method. Since there was no such study found in the same domain to compare the achieved results for validation, researchers attempted to assess part of the sample through the human assessors manually. For that reason, the programming experts were chosen to assess the students' competency in the basic topics of introductory programming. The experts chose sixty students' programming files, which were distributed among the three experts. The results of manual assessment method from the three experts were further reviewed through one of the experts for the remaining two just for confirmation of the results, while the privacy of the experts was kept confidential.
The researchers have assessed the same sixty students' files chosen for manual assessment through the rule-based assessment method. The results of both assessment methods were compared for validation. To further analyze the assessment results from both assessment methods, several statistical methods were used, using SPSS. The effect size (d) for each topic for each cognitive level was estimated, and a paired sample T-test was used. The results of the statistical methods exhibited in Table 3 revealed that the (d) values for most topics were lower than the small effect size, while some of the topics showed only a small difference. This indicates that there was little difference in the results when students were assessed manually and through the rule-based assessment method at the higher cognitive levels.
It is obvious that results will show a difference, especially when the human are involved and compared to the automatic process. In this regard, human intelligence plays a central role because it is flexible in assessment. For example, for a student code that is closely similar to the required one, the human assessors pass them with their intelligence to make decisions at the run time. However, automatic assessment methods strict adhere to the required criteria that a student must meet to achieve the goal. In this regard, the study of [17] also found a difference in results when they compared automatic assessment to manual assessment methods. According to them, automatic assessment has no similar distinctive power compare to the manual assessment method due to the lack of human intelligence in automatic methods. It has been further posited that for a program containing errors, manual assessment is more compassionate than automatic methods, and the automatic assessment method is proven to be more reasonable for highly competent students and less reliable for low-competency students [17] . Similarly, the same observation was made in the study of [44] , in which differences between the two assessment methods were found. The above two studies mentioned had different objectives than those of this study. However, the methodology of the comparisons are the same, so this study used the same methods for comparison as the above two studies.
In contrary, the manual assessment can be influenced with the psychological status of the assessor as well as the assessment process for the same group of students in different time frames (instructor mood etc.). Consequently, the manual assessment is tedious for instructors especially in the large classrooms. Whilst, the rule-based assessment is more beneficial for the large classrooms and at the same time more advantageous for fair assessment because it needs to meet the required criteria irrespective of the time of assessment. Similarly, the assessment through rule-based is faster than manual assessment which can save the instructor time and efforts for other tasks.
VII. CONCLUSION AND FUTURE WORK
This study presented a novel assessment method for assessing the students' competency level in programming using Bloom's taxonomy. The competency assessment was carried out based on the standard criteria, which is a simple, easy, and convenient method for both instructors and practitioners since there are no rubrics, and generating test cases are not required. Moreover, the research questions in this study have been addressed with empirical evidence. The first research question was addressed in terms of using the cognitive levels of Bloom's taxonomy for the competency assessment in programming and the outcomes achieved successfully. Similarly, the second research question about the quality VOLUME 7, 2019 of the proposed assessment was also addressed when the comparative analysis showed little difference from the manual assessment results. Moreover, the proposed rule-based assessment method can be used to help students enhance their competency level while learning programming. In this regard, a student can get help from the instructor in case a student fails to achieve a particular level, while the instructor can focus on the exact weakness of a student instead of reviewing the entire code. This ultimately enhances the students' learning programming as well as saving the effort and time of the instructor.
The results achieved with the proposed rule-based assessment method are statistically reliable and close to the manual assessment results. However, there are still some limitations worth mentioning. One of the limitations is that some assessment criteria are question-specific. Similarly, the proposed method was developed only for Java programming language.
In future, the few criteria that are question-specific should be generalized for the assessment of any programming code written in Java. Similarly, the same rule-based method can be used for assessing students in other languages such as C and C++, with some modifications of the criteria required for those programming languages.
